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Predatory Behavior of Leucauge magnifica 
(Araneae: Tetragnathidae) 
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Abstract — The predatory behavior of Leucauge magnifica was studied. This species em¬ 
ployed five predatory sequences: seize-pull out, bite-pull out, bite-wrap, wrap-bite, and wrap. 
Attack wrapping was used to subdue various types of prey such as grasshoppers, damselflies, ants 
and stinkbugs, which may be large and/or dangerous prey. Furthermore, living ants were more 
frequently immobilized by wrapping than dead ants. It suggests that attack wrapping is an 
effective method to immobilize large and/br dangerous prey. 
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Web-building spiders attack their prey trapped in the webs by biting with the jaws 
or by wrapping with swathes of silks in order to immobilize them (Eberhard 1967; 
Robinson et al. 1969). Eberhard (1967) stated that web spiders in the primitive stage 
of the evolution of predatory behavior immobilized their prey exclusively by biting, 
however, web-building spiders in the advanced stage used both biting and wrapping to 
immobilize their prey. Robinson et al. (1969) agreed with Eberhard (1967), and stated 
that there were several stages of the evolution of predatory behavior in Araneidae, 
judging from mainly whether or not attack wrapping was used. 

Robinson et al. (1969) studied the predatory behavior of Nephila clavipes, and it 
was the first study on the predatory behavior of tetragnathid species. The study on 
Nephila clavipes (Robinson et al. 1969; Robinson & Mirick 1971) and N. maculata 
(Robinson & Robinson 1973) showed that Nephila immobilized its prey exclusively by 
biting. Thereafter, though Eberhard (1982) stated briefly that Dolicognatha spp., 
Leucauge spp., and Chrysometa spp. used attack wrapping against some types of the 
prey, the predatory behavior of tetragnahtid spiders has mainly been studied by me 
(Yoshida 1987, 1989, 1990; Yoshida & Shinkai 1993). Yoshida (1989) showed that 
Metleucauge (M kompirensis, M yunohamensis and M. yaginumai) immobilized their 
prey exclusively by biting. On the other hand, Tetragnatha ( T. praedonia) and Meta (M 
reticuloides and M japonica) used attack wrapping against some types of the prey 
(Yoshida 1987, 1990; Yoshida & Shinkai 1993). 

In this paper, I report the predatory behavior of Leucauge magnifica Yaginuma, 
and discuss the diversity of the predatory behavior in Tetragnathidae in relation to the 
conditions of silk glands. 

Mr. Akira Shinkai read this manuscript and gave me beneficial comments. I wish to 
express my sincere thanks to him. 

Materials and Methods 

The investigation was done in 1990 and 1992 at small valleys in Kyoto City, central 
Honshu. I observed the predatory behavior of adult females of Leucauge magnifica both 
with natural prey and with the fairly large prey given by me. The observation was done 
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less than twice per a spider per several days in order to avoid the satiation of spiders. 

Results 


1) Predatory sequences 

Following five predatory sequences (seize-pull out, bite-pull out, bite-wrap, wrap- 
bite and wrap) were observed. 

a) Seize-pull out (SP): Spiders ran to the prey, seized it in the jaws and pulled it out 
of the web. Spiders then carried the prey in the jaws to the hub. In most cases, spiders 
returned to the hub by dropping from the web, hanging with the dragline attached to the 
hub, and then climbed quickly to the hub along the dragline (“drop and climb up” 
behavior). 

b) Bite-pull out (BP): This sequence resembles SP, but it includes the behavior unit 
“biting”. Spiders usually bit some part of the prey for fairly long time (several seconds 
to a few minutes). Then the spider pulled it from the web with the jaws. The prey 
insects were carried either by “drop and climb up” or by walking along a radial silk. 

c) Bite-wrap (BW): Prey insects were immobilized by biting. After immobilization 
biting, spiders first wrapped the prey with silk usually while it was still in the jaws. 
Then they were wrapped further after releasing it from the jaws. Spiders cut out all the 
entangling silk lines, in order to remove the prey from the web. In most cases, the prey 
insects were carried to the hub, being suspended on a silk line. 

d) Wrap-bite (WB): The prey insects were immobilized by wrapping with silks. 
Spiders bent their abdomen, threw swathes of silks ahead to the prey at a distance. 
Then they bit the prey for fairly long time. Spiders then wrapped the prey with silk 
usually while it was still in the jaws. After that, they were wrapped further after 
releasing it from the jaws. Spiders cut out all the entangling silk lines, in order to 
remove the prey from the web. In most cases, the prey insects were carried to the hub, 
being suspended on a silk line. 

e) Wrap (W): The prey insects were immobilized by wrapping with silks. But, 
spiders did not bite them after wrapping. Spiders cut out all the entangling silk lines, 
in order to remove the prey from the web. In most cases, the prey insects were carried 
to the hub, being suspended on a silk line. 

2) Frequencies of predatory sequences 

Table 1 shows the frequencies of predatory sequences to various taxa of prey. In 
total, 66.0% of the prey were successfully captured by spiders. All the individuals were 
captured in the following taxa: leafhoppers (two individuals), winged ants (three individ¬ 
uals), lepidopteran larvae (two individuals), Ephemeroptera (three individuals) and 
Neuroptera (one individual). Diptera and Odonata were also captured at high fre¬ 
quency (85.7% and 80.0%, respectively). On the contrary, Orthoptera and “bees & wasps” 
were captured at low frequency (34.5% and 40.0%, respectively). 

In the successful captures, WB (Wrap-bite) was most frequently used (40.9%) and 
BW (Bite-wrap) was next frequently used (32.3%). Frequencies of other sequences were 
low. Wrapping was more frequently used than biting to immobilize the prey (54.3% vs 
45.7%). Following taxa were immobilized exclusively or mainly by biting: Lepidoptera, 
Ephemeroptera, bees and wasps, Neuroptera and Diptera. All the individuals were 
immobilized by biting in Lepidoptera (17 individuals), Ephemeroptera (three individ¬ 
uals), bees & wasps (two individuals) and Neuroptera (one inidividual). Diptera were 
also immobilized mainly by biting (90%). On the contrary, following taxa were im- 
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Table 1. Frequencies of attack sequences employed by Leucauge magnifica. Numerals show 
the numbers of prey insects. Numerals in parentheses show the percentages._ 


Prey Type 


Attack sequences employed 


- Total Prey 
captured 
(%) 

Total Prey 
not 

captured 

(%) 

Seize- 
Pull out 
(%) 

Bite- 
Pull out 
(%) 

Bite- 

Wrap 

(%) 

Wrap- 

Bite 

{%) 

Wrap 

(%) 

Diptera 

12 

5 

10 

3 

0 

30 (85.7) 

5 (14.3) 


(40.0) 

(16.7) 

(33.3) 

(10.0) 

( 0.0) 



Hemiptera 








Stink Bugs 

0 

0 

8 

9 

2 

19 (61.3) 

12 (38.7) 


( 0.0) 

( 0.0) 

(42.1) 

(47.4) 

(10.5) 



Leafhoppers 

1 

0 

0 

1 

0 

2 (100) 

0(0) 


(50.0) 

( 0.0) 

( 0.0) 

(50.0) 

( 0.0) 



Hymenoptera 








Ants 

1 

3 

0 

18 

4 

26 (61.9) 

16 (38.1) 


( 3.8) 

(11.5) 

( 0.0) 

(69.2) 

(15.4) 



Winged ants 

0 

0 

0 

3 

0 

3 (100) 

0(0) 


( 0.0) 

( 0.0) 

( 0.0) 

(100.0) 

( 0.0) 



Bees & Wasps 

0 

1 

1 

0 

0 

2 (40.0) 

3 (60.0) 


( 0.0) 

(50.0) 

(50.0) 

( 0.0) 

( 0.0) 



Lepidoptera 

1 

0 

16 

0 

0 

17 (68.0) 

8 (32.0) 


( 5.9) 

( 0.0) 

(94.1) 

( 0.0) 

( 0.0) 



Lepi. Larvae 

0 

0 

0 

2 

0 

2 (100) 

0(0) 


( 0.0) 

( 0.0) 

( 0.0) 

(100.0) 

(0.0) 



Orthoptera 

0 

1 

2 

7 

0 

10 (34.5) 

18 (65.5) 


( 0.0) 

(10.0) 

(20.0) 

(20.0) 

( 0.0) 



Odonata 

0 

0 

3 

9 

0 

12 (80.0) 

3 (20.0) 


( 0.0) 

( 0.0) 

(25.0) 

(75.0) 

( 0.0) 



Ephemeroptera 

1 

1 

1 

0 

0 

3 (100) 

0(0) 


(33.3) 

(33.3) 

(33.3) 

( 0.0) 

( 0.0) 



Neuroptera 

0 

1 

0 

0 

0 

1 (100) 

0(0) 


( 0.0) 

(100.0) 

( 0.0) 

( 0.0) 

( 0.0) 



Total 

16 

11 

41 

51 

6 

126 (66.0) 

65 (34.0) 

% 

(12.6) 

( 9.4) 

(32.3) 

(40.2) 

( 4.7) 




mobilized exclusively or mainly by wrapping: winged ants, lepidopteran larvae, ants, 
Odonata and Orthoptera. All the individuals were immobilized by wrapping in winged 
ants (three individuals) and lepidopteran larvae (two individuals). Ants, Odonata and 
Orthoptera were also immobilized mainly by wrapping (84.6%, 75.0% and 70.0%, respec¬ 
tively). 

Table 2 shows the attack sequences to living and dead ants. Spiders captured dead 
ants more successively than living ants (;^^-test, p<0.05). Living ants were captured 
most frequently with WB (18/26 = 69.2%). BW was not employed to living ants at all. 
Spiders captured living ants four times with W, though dead ones were not captured with 
W at all. Living ants were more frequently immobilized by wrapping than dead ants 
(;^;^-test, p<0.01). 


Discussion 

Robinson and his colleagues studied the predatory behavior of spiders of Araneidae 
such as Nephila clavipes, Micrathena spp., Gasteracantha spp., Argiope argentata, 
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Table 2. Frequencies of attack sequences against living and dead ants. Numerals show the 
numbers of ants. Numerals in parentheses show the percentages. 




Attack sequences employed 


- Total Prey 
captured 
(%) 

Total Prey 

Prey Type 

Seize- 
Pull out 
(%) 

Bite- 
Pull out 
(%) 

Bite- 

Wrap 

(%) 

Wrap- 

Bite 

(%) 

Wrap 

(%) 

not 

captured 

(%) 

Living ants 

1 

( 3.8) 

3 

(11.5) 

0 

( 0.0) 

18 

(69.2) 

4 

(15.4) 

26 (61.9) 

16 (38.1) 

Dead ants 

2 

(12.5) 

5 

(31.3) 

3 

(18.8) 

6 

(37.5) 

0 

( 0.0) 

16 (88.9) 

2(11.1) 

Total 

3 

( 7.1) 

8 

(19.0) 

3 

( 7.1) 

24 

(57.1) 

4 

( 9.5) 

42 (71.1) 

17 (28.8) 


Eriophom sp. and Araneus diadematus (Robinson 1969, 1975; Robinson & Mirick 
1971; Robinson et al. 1969; Robinson & Olazzari 1971; Robinson & Robinson 1973, 
1974, 1976). They presumed three main stages in the evolution of predatory behavior, 
judging mainly from whether or not attack wrapping was used (Robinson et al. 1969; 
Robinson 1975). According to them, in the first stage, all the large prey are immobil¬ 
ized by biting (tiny prey are solely seized in the jaws). Seize-pull out and Bite-pull out, 
are applied to the prey in the stage. In the second stage also, all the large prey are 
immobilized by biting. Post-immobilization wrapping occurs at the capture site when 
the prey cannot be pulled from the web in the jaws. Seize-pull out. Bite-pull out and 
Bite-wrap, are applied in the stage. In the third stage, most large prey are immobilized 
by wrapping. Seize-pull out. Bite-pull out. Bite-wrap and Wrap-bite, are applied in the 
stage. Robinson (1975) emphasized that the scheme of the evolution was essentially 
additive and that new behavioral units and attack sequences were used as alternatives to 
the old ones in order to extend the range of the prey. For example, attack wrapping ( = 
immobilization wrapping) is thought to be derived from the post-immobilization 
wrapping at the capture site. Nevertheless, the scheme had to be drawn, depending 
entirely on the interpretation of the form and the function of predatory behavior, since 
there was no generally agreed phylogenetic scheme at that time. 

There were many opinions on the separation of Araneidae and Tetragnathidae. 
For example, Kaston (1948) distinguished Tetragnathidae from Araneidae, but included 
Meta in the latter. On the contrary. Locket et al. (1974) included European metine 
genera in tetragnathids. Brignoli (1983) regarded Metidae and Tetragnathidae as 
separate families, but left Nephilinae in Araneidae. Now metine and nephilene genera 
are included in Tetragnathidae, not in Araneidae (Levi 1986; Coddington & Levi 1991; 
Hormiga et al 1995; Scharff & Coddington 1997). So, Nephila, whose predatory 
behavior was regarded as primitive in Araneidae by Robinson (1975), must be included 
in Tetragnathidae. 

There are two types of tetragnathid spiders. One type never immobilizes its prey by 
wrapping, whereas another type sometimes immobilizes them by wrapping. Nephila {N. 
clavipes, N. maculata, N. constricta, N. truneri, and N. clavata), Nephilengys cruentata, 
Herennia ornatissima and Metleucauge (M kompirensis, M. yunohamensis, M. 
yaginumai) are included in the former type (Robinson 1975; Robinson & Mirick 1971; 
Robinson et al. 1969; Robinson & Robinson 1973; Yoshida 1989, unpublished data). 
Though Hormiga et al. (1995) listed Tetragnatha also as a genus without attack 
wrapping, I observed that T. praedonia attacked some types of large prey by wrapping 
(Yoshida 1987). On the other hand, following tetragnathid species use attack wrap- 
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ping: Dolichognatha spp., Leucauge {L. magnifica and other species), Chrysometa spp., 
Meta (M reticuloides, M. japonica), and Tetragnatha praedonia (Eberhard 1982; 
Yoshida 1987, 1990; Yoshida & Shinkai 1993; this study). 

In Nephilinae, all the genera {Nephila, Nephilengys, and Herenia) whose attack 
behavior was studied, never immobilize the prey by wrapping (Robinson 1975). The 
species of Nephila feed on fairly large prey as well as small prey (Robinson & Robinson 
1973; Miyashita 1992; Yoshida, unpublished data). The webs of Nephila have large 
number of radial threads and sticky spirals (Shinkai 1985), and very strong enough to 
capture large and/or heavy prey (Yoshida, unpublished data). Large and/or danger¬ 
ous prey such as cicadas, dragonflies, wasps, stink bugs have been observed to be 
captured by Nephila (Robinson & Robinson 1973; Yoshida, unpublished data). The 
high efficiency of the web to capture large and/or dangerous prey may be explained the 
lack of attack wrapping in this case. 

In metine and tertagnathine genera, one type never immobilizes its prey by wrap¬ 
ping, whereas another type sometimes immobilizes them by wrapping. Metleucauge 
(Yoshida 1989) and some species of Tetragnatha (Hormiga et al. 1995) are included in 
the former type, though Hormiga et al. (1995) did not state what species of Tetragnatha 
immobilized its prey only by biting. On the other hand, Dolichognatha, Leucauge, 
Chrysometa, Meta, and Tetragnatha {T praedonia) are included in the latter type 
(Eberhard 1982; Yoshida 1987, 1990; Yoshida & Shinkai 1993; this study). 

Leucauge magnifica, Meta reticuloides, M. japonica, and Tetragnatha praedonia 
immobilized large and/or dangerous prey such as damselflies, winged ants, and milli¬ 
pedes, by wrapping (Yoshida 1987, 1990; Yoshida & Shinkai 1993; this study). So, 
attack wrapping may be effective to immobilize such types of prey in tetragnathid spiders 
as well as araneid spiders. Nevertheless, less silks seem to be used for prey- 
immobilization by Tetragnathidae than by Araneidae. The whole body of the prey 
wrapped by Argiope is covered whitely with silks in a short time (Robinson & Olazarri 
1971). On the contrary, it takes a long time for Tetragnatha praedonia and Meta 
reticuloides to wrap the prey. The silks are so thin that one can see the body of the prey 
through them (Yoshida 1987, 1990). I have observed that a lady beetle whose whole 
body had been wrapped with silks by Leucauge magnifica easily escaped from the 
cocoon of silks (Yoshida, personal observation). These facts may suggest that wrap¬ 
ping is the less effective method for prey-immobilization in Tetragnathidae than in 
Araneidae. The silks to wrap the prey are pulled from aciniform glands (Kovoor 1987) 
and tetragnathid spiders have smaller number of aciniform glands than araneid spiders 
(Coddington 1989; Yoshida 1996, 1999). So, it can be said that the ability of attack 
wrapping has reduced in Tetragnathidae with the reduction of the number of aciniform 
glands. It is probably because most metine and tetragnathine spiders specialized to feed 
on small and/or harmless prey (Yoshida 1987, 1989, unpublished data). 

Though Meta and Metleucauge are related genera (Levi 1980), the latter never 
immobilizes its prey by wrapping (Yoshida 1989). By what manner can the lack of 
attack wrapping in Metleucauge be explained ? It may be related to the prey items. 
Almost all the prey captured by Metleucauge'^ webs were mayflies and nematocerous 
flies. They were small and/or harmless prey which can be immobilized easily by biting. 
Large and/or dangerous prey such as grasshoppers and wasps were not captured at all 
(Yoshida 1989). So, the lack of attack wrapping in Metleucauge is probably due that 
the spider has specialized to feed on mayflies and nematocerous flies. 

Since the lack of attack wrapping has been regarded as primitive by Robinson and 
his colleagues (Robinson 1975; Robinon et al. 1969), Metleucauge as well as Nephila 
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may be in the primitive stage of the evolution of predatory behavior. On the contrary, 
it may be a derived behavioral character. For example, following scenario may be 
possible: Though the ancestor of Metleucauge had used attack wrapping against large 
and/or dangerous prey, it lost the ability later because it became to feed on harmless 
and/or small prey fling above streams. Similarly, Nephila may have lost the ability of 
attack wrapping because it has made very strong web. Levi (1978) also regarded the 
lack of attack wrapping in Micrathena as secondary loss. The method of prey immobi¬ 
lization may be related with the prey items (e.g. Robinson 1975), the number of 
aciniform glands (Yoshida 1999), the web characteristics (Yoshida, unpublished data). 
So, the evolution of predatory behavior must be discussed, taking them into considera¬ 
tion. 
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